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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ temporarily suppress hunger post-exercise. The present study investigated 3 whether post-exercise hunger suppression is mediated by reduced plasma 4 total ghrelin concentrations. 5 6 Nine men and nine women participated in this study. Age, body mass index 7 and maximal oxygen uptake (
) of the participants (mean ± x s ) 8 were: 24.8 ± 0.9 yr, 22.9 ± 0.6 kg·m 2 and 57.7 ± 2.2 mL·kg -1 ·min -1 . 9
Participants completed two, three-hour trials (exercise and control) on 10 separate days in a randomised balanced design after overnight fasts. The 11 exercise trial involved a one-hour treadmill run at 73.5% of 12
followed by two hours of rest. The control trial involved three 13 hours of rest. Blood samples were collected at 0, 0.5, 1, 1.5, 2 and 3 hours. Ghrelin is a hormone that is secreted by the stomach and in smaller amounts 26 from the hypothalamus (Kojima et al., 1999) . Ghrelin concentrations rise just 27 before meals and decrease rapidly after meals suggesting that ghrelin is 28 involved in the acute regulation of hunger (Ariyasu et al., 2001 , Cummings et 29 al., 2001 . This is supported by the finding that infusion of ghrelin leads to a 30 short-term increase in hunger in humans (Wren et al., 2001) . Plasma total 31 ghrelin concentrations correlate negatively with body mass index (BMI) 32 studies are consistent and indicate that a single session of aerobic exercise 41 has no influence on total plasma ghrelin concentration. However, only one of 42 these studies employed a control trial (Kraemer et al., 2004a) . Moreover, in 43 three of these studies the duration of exercise was relatively short (<30 min) 44 and none of these studies included an assessment of hunger. 45
46
There is evidence that intense exercise (> 60% of max
) causes a 47 temporary post-exercise suppression of hunger (King et al., 1994, King and during exercise (Rowell, 1974) although other mechanisms may be 50 responsible. If it could be shown that exercise suppresses plasma total ghrelin 51 concentration and hunger simultaneously this would: a) support previous 52 research findings indicating that intense exercise suppresses hunger, b) 53 indicate a mechanism by which exercise and hunger are related. Exercise 54 may then be recommended as an alternative to pharmacological methods 55 (currently being developed) for lowering plasma total ghrelin concentration, 56 reducing hunger and controlling weight. 57 58 Therefore, in view of the limitations of current research we decided to re-59 examine the relationship between exercise and plasma total ghrelin 60 concentration using a greater exercise stimulus (i.e. greater exercise intensity 61 and duration and therefore greater energy deficit) than has been examined 62 previously. We also sought to link changes in plasma total ghrelin 63 concentration with changes in feelings of hunger -this has not been 64 monitored in previous studies. Our primary hypothesis was that prolonged, 65 test was used to determine the relationship between running speed and 106 oxygen consumption. Initial running speed was set between 8 and 9 km·h -1 107 depending upon participants' running ability. The treadmill was level 108 throughout the test. Speed was increased by between 1 and 1.6 km·h -1 every 4 109 minutes depending on participants' fitness. Expired air samples, heart rate 110 and ratings of perceived exertion (Borg, 1973) indicating to the experimenters when they felt they could run for only one 122 further minute. The final expired air collection was started at that point. 123
Strong verbal encouragement was given to participants throughout the test. 124
included two or more of the following: 1) heart rate 125 within ± 10 b·min -1 of age-predicted maximum heart rate, 2) a respiratory 126 exchange ratio value ≥ 1.15, 3) a plateau in oxygen consumption. 127
128

Main trials 129
Two main trials (exercise or control) were performed in a counterbalanced, 130 randomised design. The interval between the two trials was at least one week. 131
For each trial the participants reported to the laboratory at 08.00 hours after a 132 10-hour overnight fast. A cannula was inserted into a forearm or antecubital 133 vein and the participants rested quietly for ten minutes. During this period 134 participants were asked to rate their hunger (see below). In the control trial 135 participants continued resting (reading, working quietly, watching television) 136 for the next three hours. In the exercise trial participants performed a one-137 hour treadmill run (see below) and then rested for two hours. 138 139 Blood samples were obtained at baseline and at 0.5, 1, 1.5, 2 and 3 hours 140 after baseline. The cannula was kept patent by flushing with nonheparinised 141 saline (9 g·L -1 , B.Braun Medical Ltd, Buckinghamshire, UK). The first 2 mL 7 of blood withdrawn was always discarded to avoid dilution of the sample. 143
Participants were always lying in a supine position for at least five minutes 144 before blood samples were taken except for the 0.5 and 1 hour samples taken 145 during the exercise trial. For these samples participants straddled the 146 treadmill while blood was being drawn. This process took approximately one 147 minute. Water was available ad libitum during both trials and the volume 148 ingested was recorded. Hunger was reassessed at each blood sampling point. 149 150
One-hour treadmill run 151
Participants were instructed that the exercise was designed to be a 'hard run' 152 for one hour. Participants were initially set running at a speed calculated to 153
. If the run was too difficult for participants the 154 speed of the treadmill was lowered. However, the speed was still maintained 155 to produce a high intensity. Expired air samples were collected into 200 L 156 Douglas bags (Plysu Protection Systems, Milton Keynes, U.K.) at 14-15, 29-157 30, 44-45 and 59-60 minutes during the run. Heart rate was measured using 158 short-range telemetry (Polar Electro, OV), and ratings of perceived exertion 159 were recorded during collections of expired air. Oxygen consumption and 160 carbon dioxide production were determined from expired air samples using a 161 paramagnetic oxygen analyser and an infrared carbon dioxide analyser 162 (Servomex Analyser Series 1400; Servomex, Crowborough, East Sussex, 163 U.K.). Expired air volumes were measured using a dry gas meter (Harvard 164 Apparatus, Edenbridge, Kent, U.K.) and corrected to standard temperature 165 and pressure (dry). Energy expenditure during exercise, substrate utilisation, 8 carbohydrate oxidation rate (g·min -1 ) and fat oxidation rate (g·min -1 ), were 167 calculated using equations for energy expenditure assuming no protein 168 oxidation (Frayn, 1983) . control trials for the males, the females or the group as a whole (Table 2) . 274
Although the area under the curve values tended to be higher for males than 275 females on both the control and the exercise trials these gender differences 276
were not significant (P=0.457 for the control trial and P=0.302 for the 277 exercise trial, t-tests for correlated data). concentrations on the exercise trial suggest that participants were in an acute state of negative energy balance compared with the control trial. However, 325 there was no evidence that plasma total ghrelin concentrations were increased 326 at any point in the exercise trial. 327
328
The suppressed hunger ratings observed in the present study lasted for at least 329 one hour post-exercise. There was no difference in hunger at the start or end 330 of the trials in the present study, thus the suppression in hunger seen here 331 suggests a temporary exercise-induced anorexia (King et al., 1994, King and 332 Blundell, 1995) . It is known that during exercise there is redistribution of 333 blood flow away from the splanchnic circulation towards the working 334 muscles (Rowell, 1974) . Since ghrelin is produced in the stomach (Kojima et 335 al., 1999) and blood flow to this region is reduced during exercise we 336 speculated that ghrelin concentrations would also be reduced. Another reason 337 for expecting exercise induced suppression of ghrelin is that exercise 338 increases growth hormone secretion (Schmidt et al 2004) Therefore, perhaps plasma total ghrelin concentrations are more sensitive to 365 acute changes in nutrient intake than to acute physiological changes 366 (redistribution of blood flow, short-term energy deficit) induced by exercise. 367 368 Some studies have reported that plasma total ghrelin concentrations are 369 negatively correlated with BMI, body fat percentage and waist circumference 370 (Ikezaki et al., 2002 , Tschop et al., 2001 ). In the present study BMI was 371 negatively correlated with plasma total ghrelin concentration in the male group. Moreover, body fat percentage and waist circumference showed a 373 trend towards a significant negative correlation with plasma total ghrelin 374 concentration in the males. Possibly the range of values was too narrow in 375 the present study to produce statistically significant correlations. However, 376 the trends in the present study for males support previous evidence that 377 plasma total ghrelin concentration is related to body composition. 378
379
The present study did not control for menstrual cycle phase between trials for 380 female participants. No study has systematically investigated plasma total 381 ghrelin concentration changes over the course of the menstrual cycle. 382
However, Barkan and colleagues (2003) reported that plasma total ghrelin 383 concentration (measured in the late follicular stage of the menstrual cycle) 384 was higher in five young women compared to six young men. Conversely, 385
Tschop and colleagues found no sex differences for plasma total ghrelin 386 concentration in either Caucasians or Pima Indians (Tschop et al., 2001) . 387
Similarly, Purnell and co-workers reported that fasting plasma total ghrelin 388 concentrations did not differ in 21 male and 39 female healthy subjects 389 (Purnell et al., 2003) . Our findings are consistent with these studies in 390
indicating that plasma total ghrelin concentrations do not differ significantly 391 between men and women. 392
393
Although the findings of the present study concur with the evidence currently 394 available regarding exercise and plasma total ghrelin concentration, caution is 395 required when interpreting the results. Ghrelin is also released in small amounts within the central nervous system and acts directly on the 397 hypothalamus (Kojima et al., 1999) . This was not measured in the present 398 study and it is possible that ghrelin release within the central nervous system 399 differed between the control and exercise trials. Furthermore, ghrelin 400 circulates in both active and inactive forms in the plasma (Kojima et al., 401 1999) . The present study measured total plasma ghrelin concentrations (i.e. Values are mean ± x s . Means were compared using independent t-tests. Values are mean ± x s , n=18. Means were compared using t-tests for correlated data. NEFA: non-esterified fatty acids.
